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PHARMACEUTICAL FORMULATIONS COMPRISING CLAVULANIC ACDD ALONE OR IN COM- 
BINATION WITH OTHER BETA-LA CTAM ANTIBIOTICS 

This invention relates to pharmaceutical formulations, in 
particular to novel formulations for the treatment of bacterial infections. 
5 Clavulanic acid is a known compound having efficacy in inhibiting 

bacterial p-lactamase enzymes, which degrade P-lactam antibiotics such 
as penicillins and confer resistance to such antibiotics. Clavulanic acid in 
the form of its derivatives (hereinafter termed "clavulanate"), particularly 
its salts, are consequently used in formulations in combination with P- 

10 lactam antibiotics, for example as described in GB 2005538, to suppress 
the activity of p-lactamase enzymes which mediate bacterial resistance to 
P-lactam antibiotics. 

The possibility of clavulanic acid inhibiting bacterial resistance 
mechanisms other than P-lactamase-mediated has been suggested, e.g. 

15 D. Greenwood, Proc. 1st. Symp. Augmentin: Excerpta Med. Int. Cong. Ser. 
(1980) 80-83. This publication only describes in vitro work on E. coli, and 
the p-lactam antibiotics cephalexin, cephadrine, and mecillinam. This 
publication concludes that the observed effect is unlikely to be of any 
general therapeutic significance. 

20 The inventors have discovered an unexpected further activity of 

clavulanic acid in enhancing the effectiveness of antibacterial compounds 
against microorganisms which have an antibiotic resistance mechanism 
which is different to that mediated by p-lactamase enzymes. This effect is 
observed in vivo, and may be of therapeutic significance in the therapy of 

25 infections by p-lactamase negative penicillin resistant pathogens such as 
S. pneumoniae and if. influenzae. 

Accordingly the present invention provides the use of clavulanate 
to enhance the antibacterial activity of antibacterial compounds against 
microorganisms having an antibiotic resistance mechanism other thari p- 

30 lactamase enzyme mediated resistance. 

The present invention also provides a method of use of clavulanate 
in the manufacture of a medicament formulation for the treatment of 
infection of humans or animals by microorganisms having a resistance 
mechanism other than p-lactamase mediated resistance. 

35 The present invention further provides a pharmaceutical 

formulation comprising clavulanate, for use as an active therapeutic 
substance in the treatment of infection of humans or animals by 
microorganisms having a resistance mechanism other than p-lactamase 
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mediated resistance. 

Further the invention provides a method for the treatment of an 
infection by microorganisms having a resistance mechanism other than p- 
lactamase mediated resistance in humans or animals, which comprises 
5 administering thereto clavulanate. 

The above uses, formulation and methods are particularly suitable 
in respect of penicillin-resistant microorganisms, e.g. which are believed 
to have a penicillin-binding-protein (hereinafter termed "PBP") mediated 
resistance mechanism, although the exact mechanism of the resistance 
10 mechanism inhibited by clavulanate in the present invention is not 
known, and the invention is not limited to any specific mechanism. 

This type of microorganism includes penicillin-resistant organisms 
such as Streptococcus spp., e.g. S. pneumoniae, Haemophilus spp., e.g. H. 
influenzae, Staphylococcus spp., Enterococcus spp., and Neisseria spp., e.g. 
15 N. gonococcus and N. meningitidis. Of these, S. pneumoniae and H. 
influenzae are major pathogens. 

Typically the clavulanate may be present as a salt, preferably as 
its potassium salt, ie potassium clavulanate. The clavulanate may in some 
cases be antibacterially effective by itself against the organisms, but 
20 preferably the clavulanate is used in the above uses, formulations and 
methods of this invention in combination with an antibacterial agent, for 
example an antibiotic, suitably a p-lactam antibiotic such as a penicillin or 
cephalosporin. Preferably the antibacterial agent is a P-lactam antibiotic. 

Suitable P-lactam antibiotics include the penicillins: amoxycillin, 
25 ampicillin, apalcillin, aspoxicillin, azidocillin, azlocillin, aztreonam, 
benzylpenicillin, bacampicillin, carbenicillin, cloxacillin, cyclacillin, 
dicloxicillin, epicillin, flucloxacillin, lenampicillin, mecillinam, methicillin, 
mezlocillin, phenoxymethylpenicillin, piperacillin, pivampicillin, 
propicillin, sulbenicillin, talampicillin, and ticarcillin; and the cephalo- 
30 sporins: cefaclor, cefadroxil, cefatrizine, cefclidine, cefamandole, cefazolin, 
cefbuperazone, cefcanel daloxate, cefdinir, cefepime, cefetamet pivoxil, 
cefixime, cefminox, cefminoxime,. cefmetazole, cefonicid, cefoperazone, 
cefotaxime, cefotetan, cefotiam, cefotiam hexetil, cefoxitin, cefpimizole, * 
cefpiramide, cefpirome, cefpodoxime proxetil ,cefprozil, ceftazidime, 
35 ceftibuten, ceftizoxime, ceftriaxone, cefuroxime axetil, cefuroxime, * 
cephacetrile, cephalexin, cephaloridine, cephalothin, cephamanadole 
nafate, cephapirin, cephoperazone, cefsulodin, cefuzonam, cephradine, 
loracarbef, DQ 2556, ME 1207, S-1006, SCE-2787 and moxalactam. 
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Particularly suitable (i-lactam antibiotics include the penicillins: 
amoxycillin, ampicillin, apalcillin, aspoxicillin, azidocillin. azlocillin, 
aztreonam, benzylpenicillin, bacampicillin, carbenicillin, cloxacillin, 
cyclacillin, dicloxicillin, epicillin, flucloxacillin, lenampicillin, mecillinam, 
5 methicillin, mezlocillin, phenoxymethylpenicillin, piperacillin, 

pivampicillin, propicillin, sulbenicillin, talampicillin, and ticarcillin; and 
the cephalosporins: cefaclor, cefadroxil, cefatrizine, cefclidine, 
cefamandole, cefazolin, cefbuperazone, cefcanel daloxate, cefdinir, 
cefepime, cefetamet pivoxil, cefminox, cefminoxime, cefmetazole, cefonicid, 

10 cefoperazone, cefotaxime, cefotetan, cefotiam, cefotiam hexetil, cefoxitin, 
cefpimizole, cefpiramide, cefpirome, cefprozil, ceftazidime, ceftibuten, 
ceftizoxime, ceftriaxone, cephacetrile, cephalexin, cephaloridine, 
cephalothin, cephamanadole nafate, cephapirin, cephoperazone, 
cefsulodin, cefuzonam, cephradine, DQ 2556, ME1207, S-1006, SCE-2787 

15 and moxalactam. 

The use of clavulanate together with certain of the above-listed (}- 
lactam antibiotics is believed to be novel per se, and therefore in a further 
aspect of this invention there is provided a pharmaceutical formulation 
comprising in combination clavulanate together with a cephalosporin 

20 antibiotic selected from the cephalosporins: cefaclor, cefaclidine, cefcanel 
daloxate, cefetamet pivoxil, cefminox, cefodizime, cefpimizole, cefpiramide, 
cefpodoxime proxetil, cefprozil, cefuzonam, DQ 2556, ME 1207, S-1006, 
SCE-2787 and loracarbef. 

Suitable examples of this last-mentioned formulation include in 

25 combination clavulanate together with a cephalosporin antibiotic selected 
from the cephalosporins cefaclor and cefprozil 

The present invention also provides this last-mentioned 
formulation, e.g clavulanate in combination with cefaclor or cefprozil, for 
use as an active therapeutic substance in the treatment of infection of 

30 humans or animals by microorganisms. 

The invention therefore further provides the use of clavulanate in 
combination with with a cephalosporin antibiotic selected from this last- 
mentioned list, e.g clavulanate in combination with cefaclor or cefprozil, in 
the manufacture of a medicament for the treatment of bacterial infections. 

35 The invention also further provides a method of treatment of an 

infection by microorganisms in humans or animals, which comprises 
administering thereto clavulanate and a cephalosporin antibiotic selected 
from this last-mentioned list, e.g clavulanate in combination with cefaclor 
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or cefprozil. 

The novel formulations, uses and methods of this further aspect of 
the invention may be effective against (J-lactamase negative penicillin 
resistant pathogens such as S. pneumoniae and H. influenzae, as 
5 discussed above, and may also be effective against other organisms 

including P-lactamase positive strains of N. gonorrhoeae, Staphylococcus 
spp. (e.g S.aureus), Bacteroides fragilis, Moraxella catarrhalis, 
Escherichia coli and Klebsiella pneumoniae, for example in otitis media, 
urinary tract infections, respiratory tract, skin and soft tissue infections. 
10 . The (J-lactam antibiotics referred to herein may be in the form of 

the free acids or pharmaceutical^ acceptable salts or in-vivo hydrolysable 
esters. 

Preferred antibacterial agents include amoxycillin, suitably in the 
form of amoxycillin trihydrate for oral use, and in the form of sodium 
15 amoxycillin for parenteral use, and the cephalosporins cefaclor or 
cefprozil. 

The clavulanate and any other antibacterial agent such as the 
penicillin or cephalosporin antibiotics, as used in this invention, whether 
in the form of the free acids, salts, esters or derivatives thereof are 

20 preferably each in a substantially pure form, e.g. at least 60% pure, more 
suitably at least 75% pure, preferably at least 85% especially at least 98% 
pure on a weight basis. 

In the methods of treatment of this invention, clavulanate and an 
antibacterial agent such as the penicillin or cephalosporin antibiotics, e.g 

25 amoxycillin, cefaclor or cefprozil, may be administered together, 
simultaneously, successively or in any order, but typically may be 
administered together as a co-formulation. 

The formulation may be formulated for administration by any 
route, such as oral, topical or parenteral. The route of choice may for 

30 example be determined by the route of choice for the antibacterial agent 
used in combination with the clavulanate. The formulation may be in the 
form of tablets, capsules, powders, granules, lozenges, creams or liquid 
preparations, such as oral or sterile parenteral solutions or suspensions. 
The topical formulations of the present invention may be 

35 presented as, for instance, ointments, creams or lotions, eye ointments and 
eye or ear drops, impregnated dressings and aerosols, and may contain 
appropriate conventional additives such as preservatives, solvents to 
assist drug penetration and emollients in ointments and creams. 
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The formulations may also contain compatible conventional 
carriers, such as cream or ointment bases and ethanol or oleyl alcohol for 
lotions. Such carriers may be present at from about 1% up to about 98% 
of the formulation. More usually they will form up to about 80% of the 
5 formulation. 

Tablets and capsules for oral administration may be in unit dose 
presentation form, and may contain conventional excipients such as 
binding agents, for example syrup, acacia, gelatin, sorbitol, tragacanth, or 
polyvinylpyrollidone; fillers, for example lactose, sugar, maize-starch, 

10 calcium phosphate, sorbitol or glycine; tabletting lubricants, for example 
magnesium stearate, talc, polyethylene glycol or silica; disintegrants, for 
example potato starch; or acceptable wetting agents such as sodium lauryl 
sulphate. Such tablets may also include an effervescent couple of 
generally known type, e.g a solid carboxylic acid and an alkali metal 

15 carbonate or bicarbonate. Such tablets may also include a chewable base 
such as mannitol, sorbitol or lactose, optionally together with an 
effervescent couple, for example as described in EP 0389177. Such tablets 
and solid dosage forms may be made by any of the generally known 
methods for such dosage forms, and may be coated according to methods 

20 well known in normal pharmaceutical practice. 

Oral liquid preparations may be in the form of, for example, 
aqueous or oily suspensions, solutions, emulsions, syrups or elixirs, or 
may be presented as a dry product for reconstitution with water or other 
suitable vehicle before use. Such liquid preparations may contain 

25 conventional additives, such as suspending agents, for example sorbitol, 
methyl cellulose, glucose syrup, gelatin, hydroxyethyl cellulose, 
carboxymethyl cellulose, aluminium stearate gel or hydrogenated edible 
fats, emulsifying agents, for example lecithin, sorbitan monooleate, or 
acacia; non-aqueous vehicles (which may include edible oils), for example 

30 almond oil, oily esters such as glycerine, propylene glycol, or ethyl alcohol; 
preservatives, for example methyl or propyl p-hydroxybenzoate or sorbic 
acid, and, if desired, conventional flavouring or colouring agents. 

Suppositories will contain conventional suppository bases, e.g. 
cocoa-butter or other glyceride. 

35 For parenteral administration, fluid unit dosage forms are 

prepared utilizing clavulanate and any antibacterial agent and a sterile 
vehicle, water being preferred. These active compounds, depending on the 
vehicle and concentration used, can be either suspended or dissolved in 
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the vehicle. In preparing solutions the active compounds can be dissolved 
in water for injection and filter sterilised before filling into a suitable vial 
or ampoule and sealing. 

Advantageously, agents such as a local anaesthetic, preservative 
5 and buffering agents can be dissolved in the vehicle. To enhance the 
stability, the formulation can be frozen after filling into the vial and the 
water removed under vacuum. The dry lyophilized powder is then sealed 
in the vial and an accompanying vial of water for injection may be 
supplied to reconstitute the liquid prior to use. Parenteral suspensions 

10 are prepared in substantially the same manner except that the 

ingredients of the suspension are suspended in the vehicle instead of 
being dissolved and sterilization cannot be accomplished by filtration. 
The formulation can be sterilised by exposure of its dry constituents to 
ethylene oxide before suspending in the sterile vehicle. Advantageously, a 

15 surfactant or wetting agent is included in the formulation to facilitate 
uniform distribution of the active compounds. 

Since salts of clavulanic acid are extremely hygroscopic the solid 
and non-aquous liquid formulations of this invention must be prepared in 
dry conditions, typically at a relative humidity of 30% or less. All 

20 constituents of formulations of this invention should be predried. Aqueous 
solution and suspension formulations of this invention can only be 
provided in the form of dry solids for make up into aqueous solution or 
suspension shortly prior to use, for example 5 days in the case of oral 
suspensions. It may also be necessary to maintain such suspensions at low 

25 temperatures, e.g >5°C. 

In view of the extreme moisture sensitivity of clavulanate, aqueous 
suspensions or solutions insofar as they contain clavulanate must be 
provided as dry solids for reconstitution with water shortly before 
administration. 

30 A formulation according to the invention may be in unit dosage 

form, for example unit dosage form for oral or parenteral administration, 
which latter will primarily include administration by injection or infusion, 
especially intramuscular and intravenous administration. 

The above-mentioned formulations may contain 0.1 - 90% by 
35 weight, preferably from 10 - 60% by weight of the active materials, 
depending on the method of administration. 

The clavulanate may suitably be administered to the patient at a 
daily dosage of from 0.3 to 15 mg/kg, preferably from 0.7 to 10 mg/kg, for 
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example from 0.7 to 7 mg/kg, of body weight. For an adult human (of 
approximately 70 kg body weight), from 25 to 1000 mg f preferably from 50 
to 500 mg, of clavulanate expressed as its free acid equivalent may be 
administered daily, suitably in from 1 to 6, preferably from 2 to 4, 
5 separate doses. Higher or lower dosages may, however, be used in 
accordance with clinical practice. 

When the formulations according to the invention are presented in 
unit dosage form, each unit dose may suitably comprise from 12.5 to 1000 
mg, preferably from 12.5 to 250 mg, of clavulanate. Each unit dose may, 
10 for example, be 12.5, 25, 50, 75, 100, 125, 150, 200, or 250 mg of 
clavulanate. 

The ratio of the amount of the clavulanate used according to the 
invention to the amount of any antibacterial agent present may vary 
within a wide range. In a pharmaceutical or medicament formulation of 

15 this invention the said ratio may, for example, be from 1:1 to 1:30; more 
particularly, it may, for example, be from 1:1 to 1:12, for example 1:2, 1:3, 
1:4,1:5, 1:6, 1:7, 1:8, or 1:9 by weight, suitably within a variance of ± 10%. 

Suitable unit dosages and maximum daily dosages of any 
antibacterial agent used in combination with clavulanate in this invention 

20 may for example be determined according to the unit dosages and 

maximum daily dosages of the agent used conventionally. For example 
amoxycillin is generally provided in unit dosages of 125 to 1000 mg, 
administered from 2 to 4 times daily to a typical daily dosage of 125 to 
3000 mg per day. For example cefaclor is generally provided in unit 

25 dosages of 250 and 500 mg, and may be dosed up to a maximum daily 
dosage of 4000 mg per day. 

A preferred combination of this invention is clavulanate with 
amoxycillin, in a ratio clavulanate : amoxycillin in the range 1:1 to 1:12, 
for example together in a formulation. An example of a suitable 

30 formulation according to the invention for oral administration is one 
comprising from 125 to 3000 mg, preferably from 500 to 1000 mg, of 
amoxycillin trihydrate, in admixture or conjunction with from 12.5 to 250 
mg, preferably from 25 to 125 mg, of potassium clavulanate per unit dose. 
A further example of a suitable formulation according to this 

35 invention for parenteral administration is one comprising from 125 to 
3000 mg of sodium amoxycillin, in admixture or conjunction with from 
12.5 to 250 mg, preferably from 25 to 125 mg, of potassium clavulanate. 
An example of a unit dosage form of a formulation of this 
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invention comprises 12.5 to 1000 mg of potassium clavulanate and 62.5 to 
500 mg of cefaclor. 

The following examples illustrate the antibacterial activity of 
amoxycillin, cefaclor and cefprozil, and clavulanate in combination and 
5 compare it with the activity of amoxycillin alone against a penicillin- 
resistant strain of Streptococcus pneumoniae. 

Figs. 1 to 5 show graphically the level of S. pneumoniae growth in 
vivo following administration of amoxycillin : clavulanate, cefaclor : 
clavulanate and cefprozil : clavulanate compared with comparisons and 
10 controls. In these examples the abbreviations NTC = non treated control, 
AMX = amoxycillin, CA = potassium clavulanate, CEC = cefaclor and PRO 
= cefprozil are used, and doses of clavulanate and the antibiotics in mg/kg 
are shown in the graphs against Logio cfu per pair of lungs. 
Example 1 
15 Summary 

A model of a penicillin-resistant Streptococcus pneumoniae 
respiratory infection in immunocompromised rats was developed for 
comparative efficacy studies with antibacterials. Rats were rendered 
neutropenic with cyclophosphamide, and infected by intrabronchial 
20 instillation of a penicillin-resistant strain of S. pneumoniae. 

The infection persisted in the rats' lungs for at least four days at a 
mean count of 7.0 log 10 cfu/lungs, although the mortality rate was low. 
Oral therapy commenced 24 h post infection and continued ql2h for three 
days. Assessment of therapy was by counts of bacteria recovered from 
25 lung samples at intervals during the studies. 

Amoxycillin (200 mg/kg) showed little activity against this strain, 
but amoxycillin/clavulanate (200/100 mg/kg) was effective in reducing 
numbers of S. pneumoniae from the lungs within 48 h of therapy, and with 
a further significant reduction to 2-3 log 10 cfu/lungs at 72 h and 96 h. 

30 

Materials and Methods 

Animals : Weanling male specific pathogen free ("SPF") rats (60-80 
g, CD strain) were supplied by Charles River UK Ltd. 

Induction of leukopenia : Rats were dosed intraperitoneal^ with 
35 0.5 ml cyclophosphamide (Endoxana, Boehringer Ingelheim Ltd., 

Bracknell), at 50 mg/kg three days before, and on the day of infection. 

Organism : S.pneumoniae N1387 was used in both studies. 

Inoculum : A stock inoculum of S.pneumoniae N1387 (stored at - 
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70°C) was grown on blood agar at 37°C and the growth from six plates 
was suspended in 3 ml Todd Hewitt broth (TH). This was further diluted 
1:5 in molten nutrient agar maintained at 40°C. 

Anaesthesia : Rats were anaesthetised by separate intramuscular 
5 injections of 50^1 of fentanyl fluanisone at 0.1 ml/kg (Hypnorm, Janssen 
Pharmaceuticals Ltd., Grove), diazepam at 0.5 mg/kg (Valium, Roche 
products Ltd,. Welwyn Garden City). The drugs were prepared in sterile 
distilled water. 

Infection : Anaesthetised rats were infected by intrabronchial 
10 instillation of a: 50jil inoculum containing 6-7 log 10 cfu S. pneumoniae by 
means of non-surgical intratracheal intubation. 

Compounds : Amoxycillin trihydrate and potassium clavulanate 
(SmithKline Beecham Pharmaceuticals, Worthing) were dissolved in pH 
8.0 phosphate buffer and sterile distilled water respectively. 
15 Dosag e: Groups of 5 rats received 0.5 ml of each agent by oral 

gavage. Therapy commenced 24 h post infection, and continued b.i.d. 
(ql2h) for three days. Rats received amoxycillin alone at 200 mg/kg or 
amoxycillin/clavulanic acid at 200/100 mg/kg to give AUCs in plasma 
equivalent to those produced in man following a 500 mg dose of 
20 amoxycillin or a 625 mg dose of Augmentin (500 mg amoxycillin plus 125 
mg potassium clavulanate) respectively. 
Results. 

An initial study was performed to look at the effects of amoxycillin 
and amoxycillin/clavulanate following two days of twice-daily therapy 

25 (ql2h), and lung bacterial counts were taken at 72 h only (Figure 1). In 
this study, following infection with 7.0 log 10 cfu S. pneumoniae per rat, 
amoxycillin/clavulanate was effective in significantly reducing bacterial 
numbers by 72 h in comparison with the non-treated controls (p=<0.05). 
Following therapy with amoxycillin alone, some reduction in bacterial 

30 numbers was noted, although counts were not significantly different from 
those in the non-treated control group (p=>0.5). In this study, 
amoxycillin/clavulanate was significantly different from amoxycillin (p 
less than 0.05). 

A further study was carried out in order to confirm these findings, 
35 and to determine the course of infection over a four day period. The 

results are shown in Figure 2. Following infection with 6.6 log 10 cfu per 
rat, S. pneumoniae grew well in the rats' lungs, reaching 7.6±1.0 log 10 
cfu/lungs in the non-treated group by 72 h, with 7.0+0.6 log 10 cfu/lungs 
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persisting at 96h post infection. Amoxycillin again had some effect on the 
infection, and significantly reduced numbers of the organism to 5.0+0.5 by 
72h, although at 96 h the counts were not significantly different from 
those in the non-treated control group. Amoxycillin/clavulanate, however, 
5 caused a more rapid reduction in numbers, with 4.6±1.5 log 10 cfu/lungs 
detectable at 48 h, and with a further reduction by 72 h-96 h with only 
2.8±1.2 and 2.6+0.9 log 10 cfu/lungs detectable respectively. In this study, 
amoxycillin/clavulanate was again significantly more effective than 
amoxycillin alone (p=<0.05). 

10 Discussion 

These results demonstrate that, in this rat respiratory model, 
twice daily oral therapy with amoxycillin/clavulanate at 200/100 mg/kg 
(625 mg equivalent in man) was significantly more effective than 
amoxycillin at 200 mg/kg (500 mg equivalent in man) in reducing 

15 numbers of a penicillin- and macrolide- resistant strain of S. pneumoniae 
from the lungs of infected animals. 
Example 2 

A further experiment was carried out along similar lines to 
Example 1, again using specific pathogen-free rats. As well as therapy 
20 with potassium clavulanate : amoxycillin, therapy with potassium 
clavulanate : cefaclor and potassium clavulanate : cefprozil was also 
investigated. 

As a control, amoxycillin alone and in the presence of clavulanate 
was tested, and no loss of active amoxycillin was detected in the site of 

25 infection, i.e. the lungs of rats treated with amoxycillin alone or with 

clavulanate, confirming the absence of p-lactamase-producing organisms. 
Synergy between amoxycillin and clavulanate was also shown using an 
intraperitoneal infection, which is normally a sterile site, negating the 
possibility of other bacteria interfering with the test. 

30 The results of these experiments are shown graphically in Figs. 3, 

4 and 5. 

Fig. 3. shows that amoxycillin : clavulanate was significantly more 
effective than amoxycillin alone against three penicillin resistant strains 
of S. pneumonia 

35 Fig. 4 shows that cefaclor : potassium clavulanate was 

significantly more effective than cefaclor alone against penicillin resistant 
S. pneumoniae N1387, showing effectiveness at cefaclor : clavulanate 200 : 
50 mg/kg. 
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Fig. 5 shows that cefprozil : potassium ciavulanate was 
significantly more effective than cefprozil alone against penicillin 
resistant S. pneumoniae N1387, showing effectiveness at cefprozil : 
ciavulanate 50 : 50 mg/kg and 25 : 50 mg/kg. 
5 Example 3* 

Method. 

Determinations of the minimum inhibitory concentration (MIC) 
were performed in agar using serial dilutions of the test compounds alone 
or in the presence of constant concentrations of clavulanic acid (2 or 4 

10 ng/ml). The agar used was Mueller Hinton (BBL) supplemented with 5% 
lysed horse blood in the case of H. influenzae and M. catarrhalis, except 
forB. fragilis where Wilkins-Chalgren agar (Oxoid) was used. A 
multipoint inoculator was used to drop l|il of undiluted culture of S. 
aureus, 10-fold dilutions of B. fragilis, H. influenzae and M. catarrhalis 

15 and 100-fold dilutions of E. coli and K pneumoniae onto the surface of the 
agar, to give an inoculum of approximately 10 4 to 10 5 cfu/spot. 
Results 

The activities of cefaclor CDistaclor" - Trade Mark (Dista) Lot No 
64473ae (96% pfa)) alone and in the presence of clavulanic acid are 

20 illustrated in Table 1. Against (3-lactamase producing strains of S. aureus, 
2 and 4 |ig/ml clavulanic acid markedly improved the activity of cefaclor, 
reducing the geometric mean (Gmean) MIC's from 12.44 to 1.13 and 0.73 
jig/ml respectively. The activity of cefaclor against plasmid mediated P- 
lactamase producing strains of E. coli and K. pneumoniae was also 

25 improved by clavulanic acid, the Gmean MIC values being reduced 
considerably (Table 1). Against p-lactamase producing strains of M. 
catarrhalis, H. influenzae and the strains of B. fragilis tested, clavulanic 
acid at a concentration of 2 or 4 (J.g/ml improved the activity of cefaclor. 

30 Table 1 



Oreranism 


treatment 


range 


MIC75 


MIC90 


Gmean 


(No.) 












S.aureus) 


CEC 


1-256 


32 


64 


12.44 


P+ ) 


CEC+CA2 


0.12-8 


2 


4 


1.13 


(10) ) 


CEC+CA4 


0.25-8 


2 


2 


0.73 


E.coli ) 


CEC 


1-32 


4 


32 


4.32 
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R+ ) CEC+CA2 
(11) ) CEC+CA4 

Kpneumo-) CEC 
5 -niae R+ ) CEC+CA2 
(7) ) CEC+CA4 

M.catarr- ) CEC 
halis ) CEC+CA2 
10 (14) ) CEC+CA4 

H.influen- ) CEC 
zae ) CEC+CA2 

(15) ) CEC+CA4 

15 

B.fragilis ) CEC 
(19) ) CEC+CA2 
) CEC+CA4 



-12- 

1-4 2 4 

0.5-4 2 4 

1-256 256 256 

0.5-256 32 256 

0.25-2.56 16 256 

1- 8 8 ' 8 
0.06-0.5 0.25 0.25 
0.008-0.25 0.008 0.25 

2- 16 16 16 
1-32 8 16 
1-16 4 16 

64-512 4 128 

1.256 4 256 

1-512 4 128 
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1.85 
1.36 

17.67 
3.28 
2.00 

4.88 
0.23 
. 0.01 

7.64 
5.04 
3.48 

150.67 

4.00 

5.32 
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Claims. 

1. A method of use of clavulanate to enhance the antibacterial 
activity of an antibacterial compound against microorganisms having an 

5 antibiotic resistance mechanism other than P-lactamase enzyme mediated 
resistance. 

2. A method of use of clavulanate in the manufacture of a 
medicament formulation for the treatment of infection of humans or 

10 animals by microorganisms having a resistance mechanism other than (3- 
lactamase mediated resistance. 

3. A pharmaceutical formulation comprising clavulanate, for use as 
an active therapeutic substance in the treatment of infection of humans or 

15 animals by microorganisms having a resistance mechanism other than P- 
lactamase mediated resistance. 

4. A method for the treatment of an infection by microorganisms 
having a resistance mechanism other than P-lactamase mediated 

20 resistance in humans or animals, which comprises administering thereto 
clavulanate. 

5. • A method or formulation according to any one of claims 1 to 4 
wherein the mechanism of resistance is penicillin-binding-protein 

25 (hereinafter termed "PBP") mediated resistance mechanism. 

6. A method or formulation according to any one of claims 1 to 4 
wherein the microorganisms are penicillin-resistant organisms. 

30 7. A method or formulation according to any one of claims 1 to 4 
wherein the microorganisms are selected from Streptococcus spp. , 
Haemophilus spp., Staphylococcus spp., Enterococcus spp., and Neisseria 
spp. r or N. meningitidis. 

35 8. A method or formulation according to claim 7 wherein the 
microorganisms are S. pneumoniae or if. influenzae. 

9. A method or formulation according to any one of the preceding 
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claims wherein the clavulanate is present as a potassium clavulanate. 

10. A method or formulation according to any one of the preceding 
claims wherein the clavulanate is in combination with an antibacterial 

5 agent. 

11. A method or formulation according to claim 10 wherein the 
antibacterial agent is a P-lactam antibiotic selected from the penicillins: 
amoxycillin, ampicillin, apalcillin, aspoxicillin, azidocillin, azlocillin, 

10 aztreonam, benzylpenicillin, bacampicillin, carbenicillin, cloxacillin, 

cyclacillin, dicloxicillin, epicillin, flucloxacillin, lenampicillin, mecillinam, 
methicillin, mezlocillin, phenoxymethylpenicillin, piperacillin, 
pivampicillin, propicillin, sulbenicillin, talampicillin, and ticarcillin; and 
the cephalosporins: cefaclor, cefadroxil, cefatrizine, cefclidine, 

15 cefamandole, cefazolin, cefbuperazone, cefcanel daloxate, cefdinir, 

cefepime, cefetamet pivoxil, cefixime, cefminox, cefminoxime,. cefmetazole, 
cefonicid, cefoperazone, cefotaxime, cefotetan, cefotiam, cefotiam hexetil, 
cefoxitin, cefpimizole, cefpiramide, cefrirome, cefpodoxime proxetil,. 
cefprozil, ceftazidime, ceftibuten, ceftizoxime, ceftriaxone, cefuroxime 

20 axetil, cefuroxime, cephacetrile, cephalexin, cephaloridine, cephalothin, 
cephamanadole nafate, cephapirin, cephoperazone, cefsulodin, cefuzonam, 
cephradine, loracarbef, DQ2556, ME1207, S-1006, SCE-2787 and 
moxalactam. 

25 12. A method or formulation according to claim 11 wherein the p- 
lactam antibiotic is amoxycillin. 

13. A method or formulation according to claim 11 wherein the P- 
lactam antibiotic is cefaclor. 

30 

14. A method or formulation according to claim 11 wherein the P- 
lactam antibiotic is cefprozil. 

15. A pharmaceutical formulation comprising in combination 

35 clavulanate together with a cephalosporin antibiotic selected from the 

cephalosporins: cefaclidine, cefcanel daloxate, cefetamet pivoxil, cefminox, 
cefodizime, cefpimizole, cefpiramide, cefpodoxime proxetil , cefuzonam, 
DQ2556, ME 1207, S-1006, SCE-2787 and loracarbef. 
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16. A pharmaceutical formulation comprising in combination 
clavulanate together with cefaclor. 

5 17. A pharmaceutical formulation comprising in combination 
clavulanate together with cefprozil. 

18. A formulation according to claim 15, 16 or 17 for use as an active 
therapeutic substance in the treatment of infection by humans or animals 

10 by microorganisms. 

19. The use of clavulanate together with a cephalosporin antibiotic 
selected from those listed in claim 15 in the manufacture of a medicament 
for the treatment of bacterial infections. 

15 

20. The use of clavulanate together with a cephalosporin antibiotic 
selected from cefaclor and cefprozil in the manufacture of a medicament 
for the treatment of bacterial infections. 

20 21. A method of treatment of an infection by microorganisms in 

humans or animals, which comprises administering thereto clavulanate 
and a cephalosporin antibiotic selected from those listed in claim 15. 



25 



22. A method of treatment of an infection by microorganisms in 
humans or animals, which comprises administering thereto clavulanate 
and a cephalosporin antibiotic selected from cefaclor or cefprozil. 
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